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effects of reaction conditions was available before the technology was
commercialized. The microorganisms that could degrade various classes
of compounds under both aerobic and anaerobic conditions and the
effects of and requirements for pH, nutrients, oxygen, temperature,
redox potential, and moisture were all reasonably well established
before in situ bioremediation was practiced commercially.

Early studies in hydrocarbon metabolism were reported by Tausson
(1927), who isolated bacterial strains capable of oxidizing naphtha-
lene, anthracene, and phenanthrene. Subsequently, Sisler and Zobell
(1947) demonstrated that marine bacteria could rapidly oxidize
benzo[a]anthracene to carbon dioxide. Senez and co-workers (1956)
were the first to suggest that normal alkanes were enzymatically at-
tacked at the first carbon atom (Cl position). Finally, Leadbetter and
Foster (1959) were the first to observe, define, and report on the
cooxidation of hydrocarbons previously considered resistant to oxi-
dation and assimilation.

Early in the development of bioremediation, oxygen availability
was seen as a critical factor (Floodgate, 1973; Zobell, 1973). The con-
cept of introducing water amended with nutrients and oxygen (using
in-well aeration) to promote biodegradation was first tried by Dick
Raymond in 1972 at the Ambler pipeline spill mentioned earlier. This
technology was patented by Raymond in 1974.

From 1975 to 1983, Raymond and co-workers (Jamison et al., 1975)
conducted several demonstration projects with the support of the
American Petroleum Institute (API). These studies demonstrated the
feasibility of in situ bioremediation; the observed reductions in soil
and ground water contamination were sufficiently encouraging to
stimulate widespread interest in the technology. This early work
identified oxygen supply as crucial if the technology was to be gener-
ally applicable. This finding led to the innovative use of hydrogen
peroxide as an oxygen carrier (Brown et al., 1984).

Laboratory tests at the Texas Research Institute (1982) demon-
strated that hydrogen peroxide could be a source of oxygen for bac-
teria and could be tolerated at concentrations up to 1000 mg/1. API
and FMC Corporation supported a field test in Granger, Indiana, that
demonstrated that hydrogen peroxide could be used on a field scale
(American Petroleum Institute, 1987). The use of hydrogen peroxide
as an oxygen source and as an agent for maintaining well perfor-
mance was subsequently patented (Brown et al., 1986).

During 1983-1986, several commercial in situ bioremediation projects
using hydrogen peroxide as the oxygen source were implemented
and in some cases reduced hydrocarbons (Frankenberger et al., 1989)
and BTEX (benzene, toluene, ethylbenzene, xylenes) (Norris and Dowd,